R eis-Bücklers' corneal dystrophy, an anterior stromal dystrophy caused by mutations in the transforming growth factor beta-induced gene, typically presents in childhood with confluent, early, irregular geographic-like opacities varying in density and developing at the level of Bowman's layer and superficial stroma.
We previously introduced custom PTK with intraoperative topography (called sequential customized therapeutic keratectomy [SCTK] ), for the treatment of irregular corneas. [10] [11] [12] This surgical technique features a multi-step procedure and intraoperative monitoring. Customized transepithelial excimer laser photoablation and smoothing are applied to remove irregularities and intraoperative topography is performed to verify attained corneal regularity. 13 If topographic results are unsatisfactory, the cycle is repeated. Our clinical experience led us to believe that corneal surface regularity is more important than corneal transparency for maximal visual rehabilitation. When visual acuity is better, any residual spherocylindric defect is usually more tolerated, whereas the optical aberrations induced by irregularity may be less tolerated.
Given this hypothesis, we set out to determine the efficacy of SCTK for the management of Reis-Bücklers' corneal dystrophy. We report up to 7 years of followup of SCTK for the treatment of Reis-Bücklers' corneal dystrophy.
PATIENTS AND METHODS
We retrospectively reviewed eyes of patients with a clinical diagnosis of Reis-Bücklers' corneal dystrophy, based on corneal appearance and medical history of visual-hampering opacities. Exclusion criteria were corneal thickness of less than 400 µm, concomitant ocular or systemic autoimmune disease, and history of dry eye, severe corneal infection, or keloids.
All patients provided their consent for use of their clinical data for scientific purposes. The Humanitas Clinical and Research Center Ethics Committee ruled that, on this basis and according to the Italian law, formal approval was not required for this monocentric retrospective study. This report of protocol awareness, conducted according to the ethical standards set in the 1964 Declaration of Helsinki, as revised in 2000, was deemed sufficient. In the preoperative and postoperative course, the following parameters were assessed: corrected visual acuity (CDVA), slit-lamp biomicroscopy, Goldmann tonometry, dilated funduscopy, corneal topography, and aberrometry for the evaluation of low and higher order aberrations (HOAs) (Costruzione Strumenti Oftalmici, Florence, Italy), and OPD II or III (Nidek, Gamagori, Japan) depending on the year of acquisition, tomography and pachymetry with Pentacam (Oculus Optikgeräte GmbH, Wetzlar, Germany), and anterior segment OCT (Cirrus HD-OCT; Carl Zeiss Meditec, Dublin, CA, or XR Avanti; Optovue Fremont, CA). Depending on the year, some data were not obtained because the particular instrument was not available (eg, anterior segment OCT with epithelial map).
SCTK for reiS-BüCKlerS' Corneal DySTrophy
The SCTK technique features a multi-step procedure and intraoperative monitoring. [10] [11] [12] SCTK was performed with the Nidek EC-5000 excimer laser between 2001 and February 2013. All surgical procedures required more than one phase on the same day, as described below. aimed to smooth micro-irregularities. 6. Intraoperative topography, tomography, and CDVA. 7. Depending on the quality of the topography data and CDVA obtained in step 6, the procedure was deemed to be complete, or steps 4 to 6 were repeated (topography-guided ablation to further finalize the HOA treatment by regularizing the stromal surface).
The target for stopping the procedure was defined as follows: (1) improvement of preoperative CDVA by at least two lines, regardless of the increase or decrease of refractive error; (2) all keratoscopic rings visible without the use of masking fluid; and (3) low curvature gradient (< 4.00 to 5.00 D/mm) in the central 6.5 mm evaluated, when available, with the corneal curvature gradient map implemented in the CSO devices (either the EyeTop Topographer or the Sirius) or with the evaluation of the tangential map. The curvature gradient is defined as the difference between the curvatures of two points and is calculated as the first derivative of the tangential curvature map in the radial direction. 16 Whenever the target was not reached, this cycle was repeated, with a limit posed by the conventional stromal thickness safety limit of 250 µm. We previously demonstrated the stability of the patients treated with SCTK even with low residual stromal thickness. 17 Mitomycin C was applied for 60 seconds and, after intensive corneal washout, a protective contact lens was placed and antibiotic and mydriatic eye drops were instilled.
Postoperatively, patients received antibiotic eye drops and were monitored daily until complete corneal reepithelialization. They underwent complete ophthalmologic examination, with corneal topography, tomography, and anterior segment OCT at 1, 3, 6, and 12 months postoperatively, then yearly. Cortisone eye drops were prescribed three times a day for the first 2 weeks and lubricants for up to 1 year.
STaTiSTiCal analySiS
Data are expressed as mean ± standard deviation, median and range, or number and percentage, where appropriate. The comparison of variables was performed on paired data to evaluate the improvement or relapse of individual patients over time. To appraise the longterm safety and efficacy of SCTK, the preoperative values were compared with the last follow-up available for all patients. A move-forward follow-up strategy was used. Refractive outcome differences were assessed by dioptric power matrix evaluation using the approach suggested by Kaye. 18 Data are expressed as mean ± standard deviation refraction (sphere, cylinder, and axis).
Differences between data were evaluated with the Wilcoxon signed-rank test. A P value of less than .05 was considered significant. Statistical analysis was performed using Stata 13 software (StataCorp, College Station, TX). Table B (available in the online version of this article).
RESULTS

Overall
Treatment was deemed sufficient in the first round (peeling plus smoothing) in 57.14% of eyes (n = 8), in two rounds in 21.42% of eyes (n = 3), and in three rounds in the remaining 2 eyes. The mean intraoperative pupillary keratometry value was 43.67. Table 1 presents changes in 5-mm corneal aberrations intraoperatively, presented at each phase of treatment, and at the end of follow-up. A move-forward follow-up strategy was used. None of the observed parameters showed a significant difference between preoperative and intraoperative (phases 1 and 2) values. At the end of followup, mean CDVA showed significant improvement from 0.44 to 0.12 logMAR (P = .023) (Figure 1 ). Ninety-two percent of the eyes gained one or more lines of CDVA, 8% had no change, and no eye lost lines. Figure 2 shows the safety profile of SCTK for Reis-Bücklers' corneal dystrophy in terms of the change in CDVA. Mean refraction was 0.09 -0.75 × 112.88 at baseline and +1.25 -1.08 × 110.73 at last follow-up available. There was no significant difference in spherical equivalent refraction before and after SCTK (P = .307). Figure 3 shows changes in spherical equivalent.
Comparative evaluation of corneal HOAs between preoperative and final results showed a significant decrease in total root mean square (P = .004) and coma (P = .035) (Figures 4-5) . Mean pupillary keratometry values changed minimally from 42.67 to 42.65 D (P = .647). Mean corneal thickness slightly decreased from 554.62 to 510.40 µm (P = .059). Two patients were lost to follow-up.
Disease recurrence required re-treatment in both eyes (14.3%) of the same patient, at 5.64 years in the left eye and 6.08 years in the right eye. In both cases, a progressive decrease in visual acuity and recurrence of corneal erosions was observed. Given the limited invasiveness of SCTK, we decided to repeat surgery. Nine years after the second SCTK, CDVA in both eyes was better than preoperatively. No patient required corneal transplantation.
We describe in detail three cases to provide the full spectrum of the treatment process and outcomes.
CaSe 2
A 55-year-old man with bilateral Reis-Bücklers' corneal dystrophy underwent treatment in his right eye 
CaSe 7
A 22-year-old man reporting bilateral Reis-Bücklers' corneal dystrophy since infancy with a history of recurring and bilateral corneal erosions underwent treatment in his right eye. Initial visual acuity, not ameliorable with correction, was 0.52 logMAR. Twenty-two months postoperatively, his visual acuity in the right eye was 0.00 logMAR and no further episode of corneal erosion was reported. Figure B (available in the online version of this article) shows the initial, intraoperative, and final corneal topography.
CaSe 4
A 50-year-old man reported progressive bilateral visual acuity decrease since 1992, with a diagnosis of Reis-Bücklers' corneal dystrophy and visual acuity of 0.60 logMAR not ameliorable with correction. He underwent SCTK in his left eye. Almost 6 years after surgery, his visual acuity was 0.30 logMAR with a manifest refraction of +3.00 -1.25 × 140 and he underwent re-treatment in his left eye. At last follow-up examination, 6.5 months after re-treatment, visual acuity in the 
DISCUSSION
The primary goals of PTK are to improve visual function and prevent painful recurrent corneal erosions. 19 In the past 16 years, we have treated ReisBücklers' corneal dystrophy using the SCTK technique. Our results demonstrate the potential benefits of this approach; 90.90% of treated eyes had improved spectacle-corrected acuity, with 72.72% achieving two or more lines of improvement. Only 2 eyes (14.3%) of the same patient showed recurrence requiring a retreatment, almost 6 years after initial laser treatment, with improved CDVA after repeat SCTK treatment.
Surgical treatment options for Reis-Bücklers' corneal dystrophy include penetrating or lamellar keratoplasty, blunt dissection of the subepithelial fibrous tissue layer (superficial keratectomy), and PTK. 9, 20, 21 Superficial keratectomy provides a safe, simple, and effective means to obtain temporary symptomatic relief and improvement of vision in cases of Reis-Bücklers' corneal dystrophy that are refractory to more conservative management. 21 Lamellar and penetrating keratoplasty solve the dystrophy problems, but are invasive, subject to rejection, graft failure, infection, and irregular astigmatism, require a long rehabilitation, and do not exclude recurrence. 4, 9 Since the early 1990s, Fagerholm 6 reported on the use of excimer laser photoablation (PTK) for the treatment of anterior stromal dystrophies. Compared to any type of keratoplasty, excimer laser PTK is the least aggressive procedure and probably the safest, obviating or delaying the need for penetrating keratoplasty. 10, 19 Eyes with ReisBücklers' corneal dystrophy treated with PTK always improved their vision substantially, but reported cases are usually aggregated with other types of anterior stromal dystrophies and are small in number. [5] [6] [7] [22] [23] [24] In 2014, Fogla and Knyazer 9 reported a series of 4 eyes with ReisBücklers' corneal dystrophy successfully treated with microkeratome-assisted superficial anterior lamellar keratoplasty, with mean CDVA of 0.2 logMAR at 19 months. In 2016, Steger et al. 4 described a case series of 8 eyes of 6 patients with anterior corneal dystrophies, including 4 with Reis-Bücklers' corneal dystrophy, who underwent lamellar keratectomy using the femtosecond laser. In these cases, CDVA at 2 years improved significantly, and patients with Reis-Bücklers' corneal dystrophy showed the best visual outcome at 2 years. Table C (available in the online version of this article) compares treatment of eyes with Reis-Bücklers' corneal dystrophy. 9, 17, 24, 25 The intended goal of PTK treatment is important and must be shared preoperatively with patients. In our opinion, corneal surface regularity is more important to visual rehabilitation than corneal transparency. Optical aberrations induced by corneal surface irregularity decrease vision in a way not correctable with spectacles. Eliminating them improves vision and makes any possible residual refractive defect more tolerable. 26 With this target in mind, we treated these eyes with SCTK pursuing corneal regularity and aberrations more than final refractive defect. Stability of the eyes treated with SCTK even with low residual stromal thickness has been demonstrated in the past. 17 Preoperative anterior segment OCT provided essential information pertaining to the presence, depth, and thickness of the subepithelial membrane (Figure E , available in the online version of this article). Surgery consisted of an initial, careful, mechanical removal of the epithelium and the characteristic Reis-Bücklers' corneal dystrophy subepithelial membrane with a spatula. Once the normal stroma was exposed, regularization through excimer laser ablation was pursued. Key to this approach was intraoperative topography, a powerful and accurate method to assess the preoperative and intraoperative corneal irregularities and elaborate, when necessary in sequential, repeated steps, a topography-guided ablation aimed at regularizing corneal surface. [10] [11] [12] A key tool in our surgical treatment of Reis-Bücklers' corneal dystrophy was smoothing with masking fluid. Since 1998, we have demonstrated that phototherapeutic-like smoothing improved corneal stromal surface regularity immediately after PRK and provided better refractive and optical outcomes. [27] [28] [29] Excimer laser smoothing with masking fluid has always been an integral part of SCTK, aimed at refining and improving final corneal surface regularity. 27 There are encouraging reports on the use of transepithelial PTK to regularize highly aberrated corneas by using the epithelium as a natural masking agent, although to our knowledge not for Reis-Bücklers' corneal dystrophy. 26 In this dystrophy, the thick subepithelial membrane was removed with a spatula, and the masking fluid was thereafter necessary to apply the therapeutic photoablation and regularize the highly irregular corneal surface.
Since October 2014, we have been treating ReisBücklers' corneal dystrophy with a different, more advanced type of laser. We did not consider the five eyes treated since then on purpose, to avoid possible confusion in results.
Recurrence in 13 eyes with Reis-Bücklers' corneal dystrophy mostly occurred at an average of 21.6 months after PTK in 47%. 19 Recurrence of deposits in the graft occurs approximately 6 years after corneal transplantation. 1 In our series, only 2 eyes (13.3%) showed recurrence requiring a re-treatment almost 6 years after initial laser treatment. Topical 0.02% mitomycin C has been suggested to reduce the recurrence of Reis-Bücklers' corneal dystrophy. 23 We routinely used mitomycin C in all of our cases, and our findings agree with these results.
We did not observe induction of any significant hyperopic shift, irregular astigmatism, or scarring, which have been cited as complications of PTK. Several factors may be considered to explain this. A 10-mm ablation zone size implies similar tissue removal over a wide corneal portion, whereas smaller diameter ablation induces central flattening. Thus, the chances of corneal keratometry changes are reduced. Use of masking fluid exposes the emerging stromal irregular peaks, and intraoperative monitoring of results makes correcting a large amount of HOAs possible. Biomechanically, a wide ablation with selective removal of major irregularities prevents concentration of biomechanical weakening only in the central corneal portion. 9 There are limitations to the results of this study. First, there is no comparative group; it would have been better to have a standard PTK group to compare against the STCK technique. Second, the follow-up is highly variable, and due to the retrospective nature of the study there is data loss for some eyes at certain time points. Finally, due to the rarity of the condition, this nevertheless is a small study group with its inherent limitations.
To our knowledge, this is the largest series of longterm results in the treatment of Reis-Bücklers' corneal dystrophy, and includes the longest follow-up. SCTK provided long-term improvement of visual acuity, stable, refraction, and freedom from recurring erosions. No eye had to undergo corneal transplantation and only 2 eyes required re-treatment. Corneal epithelium is manually removed with a spatula to better identify and then delaminate with the spatula the underlying membrane replacing Bowman's layer.
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Phase 2: Smoothing with Masking Fluid (Wet PTK)
The stromal surface is initially regularized by smoothing to remove corneal micro-irregularities and achieve a regular stromal bed as similar as possible to the physiological Bowman's layer. Smoothing is performed as follows:
• A drop of hyaluronic acid masking fluid (0.25% of hyaluronic acid, 280 to 320 mOsm/L osmolarity, neutral pH = 7.2 to 7.4) (Laservis;
Chemedica, Munich, Germany) is applied to the cornea.
• A planar PTK ablation is applied with a diameter of 10 mm and 20 µm depth, thus covering the entire corneal diameter and minimizing any potential hyperopic shift.
• The masking fluid is continuously distributed over the corneal surface during ablation using a spatula (eg, Buratto's spatula; ASICO, Westmont, IL).
10-12
• The masking fluid is added and evenly distributed with the spatula to maintain a thin layer of fluid and avoid the formation of dry areas.
This masking fluid features the same ablation rate as the stromal tissue. For this reason, most of the ablation is done on the fluid and a minimal amount of the small irregularities of the stroma ("peaks" emerging from the fluid layer). As previously described, the actual ablation is only a few microns because of this protective action of the masking fluid. 10, 11, 14, 15 Irregular peaks will appear and be ablated. Overheating with the Nidek scanning slit was avoided adopting a 10-Hz ablation. SCTK and smoothing diameter were always 10 mm in diameter, thus involving the entire corneal diameter to minimize hyperopic shift.
Phase 3: Intraoperative Topography, Tomography, and CDVA After this treatment, the patient was taken to a nearby examining room and intraoperative topography, tomography, and CDVA were obtained to monitor the surgical efficacy. All intraoperative corneal measurements were acquired with the Sirius or EyeTop Topographer (Costruzione Strumenti Oftalmici, Florence, Italy), depending on the year of surgery.
To obtain a reliable measurement, keratoscopy was performed after irrigation with balanced salt solution and one drop of masking fluid. The patient was asked to blink, and, if no dry areas were detected after 5 to 10 seconds, the image was acquired. Sitting position entailed regular distribution of masking fluid. We previously published that intraoperative, epithelium-free topography-based corneal aberrometry is a feasible option for custom ablation in highly aberrated eyes. 12 Even if corneal edema might occur, because it is diffused, it is not expected to change the overall shape of the cornea, but only its thickness.
Phase 4: Topography-Guided Custom Ablation With a Large Optical Zone
If deposit-related corneal opacities appeared to be visually significant, and considering corneal pachymetry as estimated with Scheimpflug imaging, intraoperative topography-guided custom ablation with the largest possible optical zone available (eg, 8.5-mm optical zone with transition zone up to 10 mm) was then planned and performed. The least possible ablation depth providing corneal regularization was chosen. The goal was eliminating the remaining higher order aberrations. Correction of astigmatism, when present, was a secondary goal.
Phases 5 to 7: Wet PTK, Intraoperative Evaluation, and Decision Whether to Stop or Continue As after the first ablation, another wet PTK smoothing ablation was performed. The patient was then taken back to a nearby examining room to again assess the CDVA and obtain an intraoperative topography measurement to define the progress of the procedure. As before, a drop of masking fluid was applied prior to acquiring the topography scan and assessment of visual acuity.
This cycle of custom ablation with PTK smoothing, intraoperative topography/tomography, and visual acuity measurement (round 2 and following) was repeated until the surgeon deemed that the preoperative target was reached. 
